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f ^frh"d for modifying the cell, tiss u e or host tropism of a microorganism; 
recombinant microorganisms obta ined in this way and use thereof in 
medicine and v et erinary icedia Lne^ 

5 The invention relates to a method for modifying the cell, tissue or 

host tropism of a microorganism. 

In many cases of infections by microorganisms the location at which 
the microorganism enters the organism is not the same as that where the 
pathogenic characteristics of the microorganism are expressed. Thus, an 

10 infection can also proceed via a variety of tissues and cell types* The 
herpesvirus pseudorabies (PRV) is an example of a microorganism which 
shows little selectivity with regard to its host cells. This virus does 
not only have a broad host spectrum (species-specificity) but is also 
able to replicate in virtually any cell line maintained is — vitro, 

15 (cell/tissue specificity) . 

The provision of protection against such a microorganism of low 
specificity presents problems. In the case of vaccination with a live 
vaccine, the virus does not only give rise to an immune reaction in the 
intended cells, tissues or hosts but is also able to be expressed in 

20 other cells, tissues or hosts where the microorganism can have an 
unacceptable harmful effect. It is possible for vaccine viruses to be 
transferred from their host to other hosts by means of saliva, faeces, 
milk and the like. These other hosts, for example young animals or 
animals of a different breed, which are more sensitive to the vaccine 

25 virus, become infected, so that they become ill and/or die. 

The abovementioned problem can be prevented by using dead virus or 
parts of a virus, instead of live virus, as the immunological constituent 
of a vaccine. However, this method of vaccination leads less frequently 
to protection than vaccination with live virus and is therefore not 

30 always effective. 

Another solution to the problem is given by, for example, using a 
weakened or otherwise modified strain as vaccine strain when providing 
protection against a virus. Thus, European Patent Application EP-A- 
141.458 discloses a deletion mutant of pseudorabies virus which, as a 

35 consequence of the mutation, is less infectious but has good immuno-" 
logical characteristics. International Patent Application WO/8704463 
(EP-A-256.092) discloses a recombinant herpesvirus which contains a 
foreign DNA sequence which is expressed, so that serological differentia- 
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tion is possible. EP-A-lig.025 discloses a mutated bovine herpesvirus 
which does not produce thymidine kinase and is temperature-resistant; 
vaccination with these mutants leads only to efficient replication in 
non-neural cells. 

5 It is known that viruses do not always have pathological consequen- 

ces in all infected tissues. In the case of viruses mutated in accordance 
with these publications, however, the specificity for a specific cell, a 
specific tissue or a specific host is not increased or is inadequately 
increased, so that no or insufficient differentiation can be made between 

10 the desired, for example immunogenic, action of the virus and the un- 
desired, for example cytocidal, action of the virus. 

The aim of the invention is to provide a microorganism having a 
modified cell, tissue or host tropism, in particular a limited tropism, 
that is to say an increased specificity for one cell, tissue or host, in 

15 such a way that the desired action of the microorganism can be directed 
at specific sites without undesired effects of the microorganism being 
expressed to an unacceptable degree at other sites. 

The aim of the invention is achieved in that at least one gene in 
the microorganism is brought under the control of a nucleotide sequence 

20 specific for the intended cell, the intended tissue or the intended host. 

The gene can be a gene essential for the organism, optionally in 
combination with a gene which codes for an active substance in order to 
achieve the desired effect of the microorganism. Such a substance can be 
a protein of which there is a shortage or a medicine. 

25 The term tt an essential gene" can, for example, comprise a gene which 

plays an important role in the reproduction of the microorganism. In the 
case of a virus, for example, it can be a gene which codes for essential 
membrane proteins, the capsid protein or a protein which is involved in 
replication. 

30 Numerous essential genes of viruses have been described. Below a 

number are given: 

The gH-gene of pseudorabies virus (PRV) and infectious bovine 
rhinotracheitis virus (IBRV) is described in the International Patent 
Application WO/IO965 of the Upjohn Company. The gll-gene of PRV is 
35 described in J. of Virology 65. 1991 . P. 621-631 and in Proceedings of 
the 16th Int. Herpes virus Workshop Pacific Grove USA, 1991, p. 243 the 
gp50-gene of PRV is described. 
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A number of genes are described of the HSV-virus, such as the Ul 42- 
gene in J. of Virology 65, 1991 . P- 700-710, the Vmw 175-gene in J. Gen. 
Vir, 71, 1990, (4) p. 851-861, the ICP-27-gene in J, of Virology 63, 
1989, p. 18-27 and the Ul 8-gene in J. of Virology 63, 1989, P- 591-599- 
5 In J. of Virology 63, I989, p. 101-110 the nuclear antigene EBNA-1 

of EBV is described. 

In J. of Virology 49, 1984, p. 190-199 the major immediate early 
gene of HCMV is described. 

The Bl-gene of vaccinia is described in J. Biol. Chem. 264, 1989, 
10 p. 21458-21461 and in PNAS 87, 1990, p. 6191-6195 the E2A-gene of Adeno- 
virus type 5 is described. 

In the case of a bacterium, it can be a gene that codes for a 
protein which, for example, is involved in the metabolism of essential 
amino acids or of adhesion factors or is involved in the replication. 
15 The Escherichia coli Sec Y-gene is described in J. Bioenerg- 

Biomembr. 22, 1990, p. 5299-5306 and the Escherichia coli Nus G-gene is 
described in J. Bacterid. 172, 1990, p. 1621-1627. 

The orf II of the pai-gene of Bacillus subtilis is described in 
J. Bacterid. 172, 1990, p. 1783-1790. 
20 Essential genes are also known for other organisms than viruses and 

bacteria such as for yeast the gene that codes for the ARS-binding 
protein ABF-1 (Gene Dev. 3, 1989, P- 1926-39). The gene that codes for 
phytoene dehydrogenase (PD) of the carotenoid biosynthesis route of all 
micro-organisms and plants containing these colour pigments (Gene 91 1 

25 1990, p. 113-117). 

A specific nucleotide sequence is understood to be a nucleotide 
sequence (DNA or RNA) which only has a regulating action in one or more 
specific cell types, tissues or hosts. A number of literature references 
are given below in which examples of specific regulating sequences are 

30 described: 

In Cell 56, 1989, p. 979-986, Greaves, D. et al. describe that human 
CD2 y -flanking sequences give rise to a high degree of T-cell specific 
gene expression in transgenic mice, which is independent of the location. 

J.H. Mar and CP. Ordahl describe a strong muscle-specific promoter 
35 element derived from the cardiac troponine T (cTNT) gene in Mol-Cell- 
Biol. 10, 1990. 

In the International Patent Application of Dana-Farber Cancer 
Institute (W0 85/05629) modified or non-modified sequences of the long 
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terminal repeats of retro viruses, in particular the U3-regions of Akv 
and SI. 3-3 which are respectively induced in T-cells and fibroblasts are 
described. 

In J. of Virol 64 , 1990, p. 4792-4798 the HPV-18 E-6 promoter is 
5 described, which is tissue specific in differentiating keratinocy tes . 

In Nature 329. 1987. p. 174-178, Wirth, T. et al describe that an 
oligonucleotide octamer which is located upstream of a TATA sequence is 
sufficient for promoter action which is specific for lymphs. 

Furthermore, in Cell 60, 1990, p. 461-472, Okamoto, K. , et al. 
10 report that a new octamer binding transcription factor is expressed 
differentially in embryogenic mice. 

Moreover, in Cell 56, 1989. p. 969-977. Blom van Assendelft, G. et 
al. report that the beta- globulin dominant controlling region activates 
homologous and heterologous promoters in a tissue-specific manner. 
15 The tissue specificity of the expression of liver genes is described 

by Kugler, W. et al. in NAR 16, 1988, p. 3165-3174. 

In addition, in NAR 17, 1989. p. 939-953. Rijffel. G. et al. 
describe that the HP1 promoter elements and the TATA sequence are 
required and are sufficient to give a liver-specific promoter. 
20 A rat tyrosine aminotransferase TAT-gene promoter is described in 

Mol-Cell-Biol 10, 1990, p. 3334-3342. which is activated in the liver. 

In Mol-Biol-Med 7, 1990, p. 173-185 an albumine gene promoter is 
described which is activated in hepatoma cells. Additionally in Dev. Biol 
139. 1990, p. 121-133 a Drosophila glue gene (Sgs 3) is described with a 
25 promoter which is activated in the salivary gland. 

In EMB0 J 8, 1989, p. 1559-1565 a Drosophila-beta-2- tubuline-gene 
is described which is activated in the testis. 

In Cell 56, 1989. P. 969-977 the dominant control region DCR of the 
human beta-globuline-gene is described which specifically induces in red 
30 blood cells. 

In Mol-Cell-Biol 10, 1990, p. 2738-2748 a human carcinoembryonic 
antigene gene promoter is described which can be activated in intestinal 
tumor tissue. 

Numerous further examples of nucleotide sequences of this type are 
35 to be found which can possibly be used for the purpose of the present 
invention. 

Thus, the invention provides a microorganism which can only exert a 
specific desired function, such as the initiation of a defence mechanism 
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or the administration of a medicine or another active substance, in a 
specific environment. 

The microorganism of which the trcpism can be modified in this way 
can be a virus, but also a bacterium, a mould or a parasite. The tropism 
5 of a microorganism can also be modified, for example, in that a gene is 
placed under the control of an inducible regulating nucleotide sequence. 
An inducible regulating nucleotide sequence of this type is, for example, 
a regulating nucleotide sequence which only comes into action under the 
influence of specific physical or chemical stimulation, such as, for 

10 example, hormones, pharmaceuticals, metal ions and the like. Inducible 
substances of this type can be specific for a cell, a tissue or host, as 
a result of which the expression of the gene and also the intended action 
of the microorganism are likewise specific for a cell, tissue or host. In 
Cell 56, 1989, p. 335-3 44, Beato, M. describes, for example, gene regula- 

15 tion by means of steroid hormones. In Science 236, 1987* P- 1237-1245, 
Maniatis, T. et al. report the regulation of inducible and tissue- 
specific gene expression. The abovementioned applications are particular- 
ly suitable for bacteria ♦ 

Furthermore in Prog-Clin-Biol-Res . 3^4, 1990, p. 123-138 a Rat 

20 Glutathion transferase P-gene promoter is described, which is induced 
with TPA (tumor inducer hepatocarcinogesis) ; additionally in Mol. Micro- 
biol. 3, 1989, p. 1425-1^32 the Streptomyces cacaoi, beta-lactamase gene 
promoter is described as being induced by a beta-lactam and in EMBO J. 8, 
1989, p. 1641-1648 it is reported that Phenylanaline ammonia-lyase (PAL) 

25 of Peterselium crispum is induced by UV-light. 

The specific nucleotide sequence is advantageously a specific pro- 
moter/enhancer. In this case, the promoter/enhancer of at least one gene 
is replaced by a promoter/enhancer which is specific for the chosen cell, 
the tissue or the host. Preferably, the gene will be an essential gene, 

30 so that the organism is only able to replicate in cell, tissue or host, 
in which the specific promoter functions. In addition to the essential 
gene, another gene can also be regulated by a promoter or enhancer which 
is specific for the chosen cell, the tissue or the host. 

In the case of the microorganism according to the invention, the 

35 specific regulating nucleotide sequence thus functionally re::.^ -i ^ non- 
specific sequence. In this case, the non-specific regulating sequence is 
preferably completely or partially removed. 
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An example of an essential gene for which the promoter can be 
induced in virtually any cell, in various hosts, is an Immediate Early 
gene, of a virus. The start of th virus infection depends on the expres- 
sion of such an Immediate Early gene. By replacing the promoter /enhancer 
5 of this gene with a promoter/enhancer which is specific for a specific 
cell, specific tissue or a specific host, the desired specificity is 
achieved. 

The promoter/enhancer which is incorporated in the microorganism to 
restrict the tropism is chosen depending on the desired and undesired 

10 actions of the microorganism. An example of a promoter which can only act 
in a specific environment is a cytokeratin promoter, such as bovine cyto- 
keratin IV or VIb, which are analogous to, respectively, human cytokera- 
tins 6 and 10 and the vimentin promoter. An example of an inducible pro- 
moter is the HSP-70 (heat shock promoter) . 

15 Human cytokeratin 6 is expressed in multi-layer epithelium, as 

present in the mucous membranes of the tongue, in the oesophagus and in 
the sweat glands of the skin. Human cytokeratin 10 is expressed specifi- 
cally in keratinocytes of the suprabasal layers of the epidermis. The 
promoter/enhancer of bovine cytokeratin gene IV is active in epithelial 

20 cells of bovine mammary glands which have grown in the presence of hor- 
mones but not, for example, in cells of the bovine kidney; this 
promo ter/enhancer is active in mouse keratinocytes but not in mouse 
fibroblasts. 

Vimentin is expressed in cells of mesenchymal origin and in the 
25 majority of cells which are kept in tissue culture. Vimentin is not 
expressed in certain human carcinoma cell lines. 

The specific nucleotide sequence which controls the gene of the 
modified microorganism can be inducible. When the modified microorganism 
is used to produce immunity, the promoter can thus be induced in the 
30 target environment until the desired effect is obtained. 

In a particular embodiment of the microorganism according to the 
invention, the specific nucleotide sequence is a manipulated promoter /en- 
hancer sequence. The activity of the modified microorganism can be fur- 
ther regulated by this means. 
35 The invention also relates to a recombinant virus in which a low- 

specificity promoter/enhancer of an essential gene has been replaced by a 
target-specific promo ter/enhancer. 
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The invention also relates to the use of a recombinant microorganism 
as referred to above for diverse applications in which a cell-specific, 
tissue-specific or host-specific reaction is desired. 

The recombinant microorganism according to the invention can first 
5 of all be used to provide protection against the corresponding natural 
microorganism. This is effected, in particular, in the form of a vaccine. 
A specific live vaccine of this type has significant advantages because 
the microorganism, such as a virus with a pathogenic natural strain, is 
able to replicate only in a tissue, cell or host selected for this pur- 

10 pose and thus is able to generate an immune response in the target orga- 
nism. The cell, the tissue and/or the host are chosen such that the harm- 
ful characteristics of the microorganism, for example the pathogenic 
characteristics, are not expressed or are expressed only to an acceptable 
degree, while the immunogenic action is not hindered. An example of this 

15 would be the use of a tissue-specific promoter in order to prevent the 
expression of a specific microorganism in nerve tissue, which is precise- 
ly where it displays its pathological action. An advantage of vaccination 
with a microorganism according to the invention is that, when it repli- 
cates under the conditions specific for said microorganism, said micro- 

20 organism does not differ from the wild- type organism and therefore can 
supply all points of attack for an immune reaction. A further advantage 
arises in the case of the use of a promoter/ enhancer which is expressed 
only in specific species or groups of species. In that case it will be 
possible to prevent infection from the vaccinated organism to organisms 

25 of other species which are sensitive to the wild type. Likewise, by 
choosing a (tissue- or cell-) specific promoter which is expressed only 
during a specific development stage of the organism, it is possible to 
develop a microorganism which is applicable as a vaccine only in that 
specific stage in the life of the vaccinated organism (for example in 

30 young or alternatively in adult animals) . 

The recombinant microorganism according to the invention can also 
advantageously be used for combating specific cells. This can be effect- 
ed, for example, using a cytopathogenic virus. A virus of this type, 
having a cell tropism which has been modified according to the invention, 

35 leaves the organism into which the modified virus has penetrated unharmed 
with the exception of the cells for which it has been rendered specific. 
In cells of this type, it is abxe to exert its cytopathogenic action. In 



WO 92/03563 PCT/NL91/00152 

8 

particular, such an application is important for combating cells having a 
modified expression pattern. 

A particular embodiment is the use of a recombinant microorganism 
according to the invention for combating tumours. In certain tumours 
5 combinations of specific proteins, such as, for example, cy tokeratins , 
occur, which combinations are not present in healthy tissue. The recombi- 
nant microorganism according to the invention contains promoters which 
are associated with these proteins. If such promoters control essential 
genes, the microorganism will replicate only in the tumour cell and gene- 
10 rate an immune response against viral and tumour antigens, as a result of 
which the tumour cell is attacked. 

The recombinant microorganism according to the invention can also be 
used to express a heterologous gene in a desired target environment. A 
heterologous gene of this type can, for example, code for a medicine or 
15 for a product of which a shortage exists in the target environment. In 
this case, the recombinant microorganism can also contain a target-speci- 
fic promoter for a replication gene, so that a double specificity arises. 

The invention also relates to a vaccine which contains a recombinant 
microorganism as described above. The invention also relates to medicines 
20 and veterinary medicines which contain such a recombinant microorganism. 
Example I 

In this example the replacement of the immediate early gene promoter 
of the pseudorabies virus (PRV) by a heterologous tissue-specific promo- 
ter is described. Reference is made to the figure for a diagrammatic 

25 representation of the method. 
Materials and methods: 

The PRV strain NIA-3 (Baskerville, Vet. Bull. 43, 1973. P. 465-480) 
is multiplied on VN2 cells, a secondary pig kidney cell. SK6 cells, 
balb/c 3T3 cells and MDBK cells were obtained from ATCC. BMGE+H cells 

30 were obtained from Prof. W. Franke, Institut ftir Zell-und Tumorbiologie 
Heidelberg (Heidelberg Institute for Cell and Tumour Biology). The VN2 
cells were cultured in EMEM, supplemented with 102 fetal calf serum. SK6 
cells, balb/c 3T3 cells and EMGE+H cells were cultured in DMEM, supple- 
mented with 5% fetal calf serum. 1 yg/ml insulin, hydrocortisone and 

35 prolactin was added to the medium for the BMGE cells. The MBDK cells were 
cultured in Eagles Basal, supplemented with 5% fetal calf serum. SK6 
cells which produce Immediate Early protein were cultured in DMEM, 5% 
fetal calf serum and 2.5 mM histidinol. 
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All DNA recombination operations were carried out in accordance with 
standard techniques (Maniatis T. et al. f Molecular Cloning, A Laboratory 
Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor N,Y. 0982)). 
Overlap recombination is described by Van Zyl et al., J. Virology 62, 

5 1988, p. 2191-2195). 

The original IE promoter was removed from the subviral fragment C- 
443 of PRV by treatment of the cosmid C-443 with Hindlll. The cleaved DNA 
was then treated with exonuclease I and then with Mung Bean nuclease, by 
which means about 600 base pairs were removed at both ends* 

10 A 3 kb Xhol fragment containing the IE promoter therein was cloned 

in the BamHI site of the pAT-153 vector. The original Hindlll site within 
the pAT vector was removed. The construct obtained was designated 
pHTXhoIE. Following digestion with BamHI and Hindlll, the original IE 
promoter in this plasmid was then replaced by the promoters of, respec- 

15 tively, bovine cytokeratin IV and VIb (Blessing, M. et al., Differential- 
ly expressed bovine cytokeratin genes, EMB0 J. 6, 1987. P- 567-575) and 
the HSP70 promoter (NAR 8, 1980, p. 3105) (600, 4100 and 450 bp respec- 
tively)- The plasmids obtained were designated pATXhoCklV, pATXhocCkVIb 
and pATXhoHSP. For expression of the Immediate Early protein, the BamHI-8 

20 fragment of PRV, which contains the complete code for the IE, was cloned 
in the BamHI site of vector pEV.Hisl4. 

Recombinant virus was obtained after overlap recombination with the 
viral subgenome fragments C-179, C-27 and HindlUB, the fragment C-443 
treated as described above and one of the Xho fragments containing the 

25 replacement promoter. At the same time, plasmid pEV-IE was added to the 
transfection mixture. The plaques obtained were examined by means of 
restriction analysis and hybridisation. 

PRV recombinants were thus obtained which express IE under the 
influence of, respectively, bovine cytokeratin IV, bovine cytokeratin VIb 

30 and the HSP promoter. The bovine cytokeratin IV promoter is expressed in 
bovine mammary gland epithelial cells which are cultured in the presence 
of hormones but, for example, not in MDBK, SK6 or 3T3 cells. Experiments 
carried out on cells in tissue culture confirm that the virus mutated 
with BcklV-PRV displays cell specificity. The virus titres of BckIV-NIA3 

35 mutant virus are 150 x higher on BMGE cells than on the other cells. 
Virus titres of NIA3 are of the same order of magnitude in all cell 
types. Titration of HSP-NIA3 virus using a temperature cycle of 8 hours 
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at 4l.5°C and 16 hours at 37°C likewise gives a 150 x higher titre than 
in the case of titration at 37 °C. 
Example II 

Animal tests with mice have furthermore demonstrated that both the 
5 HSP-NIA3 virus as the BckIV-NIA3 virus are attenuated with regard to the 
wild type virus (the BckVIb-NIA3 mutant was not included in the animal 
test). Upon inocculation of 4 to 5 week old balb/c mice with 10 6 pfu 
virus in the neck, the average survival time after infection with NIA3 
virus is 46 hours (the LD50 for the infection route is 150 pfu). For mice 
10 infected with the HSP-NIA3- or the BckIV-NIA3-mutant-virus the average 
survival time is 65,5 and 82,6 hours respectively. Mutant-virus that 
could be isolated from the brains of mice demonstrated the same level of 
induceability of tissue speficicity as the original mutant-virus-stocks 
in cell cultures. 

15 These experiments illustrate that it is possible to modify micro- 

organisms, in particular viruses, in a controlled manner with regard to 
cell tropism and tissue tropism by insertion of specific promoter /enhan- 
cer sequences, which may or may not be inducible, for at least one essen- 
tial gene. 
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CLAIMS 

1. Microorganism having a modified cell, tissue or host tropism, 
characterised in that at least one gene of the microorganism is brought 
under the control of a nucleotide sequence specific for the cell, the 

5 tissue or the host. 

2. Microorganism according to Claim 1, wherein at least one essential 
gene of the microorganism has been brought under the control of a nucleo- 
tide sequence specific for the cell, the tissue or the host* 

3. Microorganism according to Claim 1 or 2, wherein the microorganism 
10 is a virus. 

4. Microorganism according to Claim 3, wherein the virus is a herpes- 
virus. 

5. Microorganism according to Claim 4, wherein the virus is pseudo- 
rabies . 

15 6. Microorganism according to one of Claims 1-5 • wherein the specific 
nucleotide sequence is a promoter sequence and/or enhancer sequence. 

7. Microorganism according to Claim 6, wherein the promoter is a promo- 
ter of a cytokeratin or vimentin. 

8. Microorganism according to one of Claims 1-7* wherein the specific 
20 nucleotide sequence is inducible. 

9. Microorganism according to one of Claims 1-8, wherein the specific 
nucleotide sequence is a mutated sequence. 

10. Microorganism according to one of Claims 1-9 1 wherein the gene is an 
Immediate Early gene. 

25 11. Use of a recombinant microorganism according to one of Claims 1-10 
for the provision of protection against the corresponding natural 
microorganism. 

12. Use of a recombinant microorganism according to one of Claims 1-10 
to generate an immune reaction against a specific cell population. 
30 13. Use of a recombinant microorganism according to one of Claims 1-10 
to combat cells having a modified expression pattern. 

14. Use of a recombinant microorganism according to one of Claims 1-10 
to combat tumours. 

15. Use of a recombinant microorganism according to one of Claims 1-10 
35 to express a heterologous gene. 

16. Vaccine which contains a recombinant microorganism according to one 
of Claims 1-10. 
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